Studies of the mechanism of protein biosynthesis which have been conducted with cell-free systems consisting of ribosomes, soluble enzymes and cofactors readily distinguish three general stages in the synthetic process (see Simpson, 1962) . These consist of: Amino acid + ATP + activating enzymẽ amino acid-AMP-enzyme + PPi (1) Amino acid-AMP-enzyme + s-RNA = amino acid-s-RNA + activating enzyme + AMP (2) Amino acid-s-RNA + ribosomes Transfer >-ribosomal bound protein (3) enzymes A portion of the radioactive amino acids incorporated into peptide linkages by cell-free systems was found not to sediment with the ribosomal particles (Simkin, 1958) . This observation led to the proposal that the synthetic process contains yet another reaction: Ribosomal bound protein --soluble protein + ribosomes (4) The labelled protein found in the soluble fraction after incubation of reticulocyte ribosomes in a complete cell-free system has been shown to consist of haemoglobin together with much uncharacterized protein (Schweet, Lamfrom & Allen, 1958; Rabinovitz & Fischer, 1962) . Chromatographic analysis of the labelled soluble protein formed on incubation of 14C-labelled ribosomes with unlabelled components in the complete cell-free system gave comparable results (Morris & Schweet, 1961) . Rapid labelling of a soluble non-haem protein by intact reticulocytes has been reported by Rabinovitz & Olson (1959) . Ribosomal particles have been implicated also in the incorporation of labelled iron into haemoglobin (Rabinovitz & Oslon, 1958) , but it is not clear how the four haemoglobin sub-units are assembled from their constituent parts (see Margoliash, 1961) . There is considerable evidence, however, to indicate that most of the protein synthesized by reticulocytes and cell-free preparations from reticulocytes is * Present address: Department of Biochemistry, Michigan State University, East Lansing, Mich., U.S.A. directed towards an eventual formation of haemoglobin (Kruh & Borsook, 1956; Dintzis, Borsook & Vinograd, 1958; Schweet et al. 1958; Wallace, Squires & Ts'o, 1961; Lingrel & Borsook, 1963) .
Although a number of publications dealing with the release of protein from ribosomal particles and 'releasing factors' have appeared, a critical study of the independent existence of such a 'release' stage of protein synthesis has not been conducted. It would seem that, until the contributions of reactions (1)-(3) to reaction (4) have been evaluated, the possibility remains that the reported ' releasing factors' may be the enzymic components of reactions (1)
-(3).
The present paper reports the study of the influence of the polypeptide-forming stages of protein biosynthesis on the appearance of soluble protein in a cell-free system from rabbit reticulocytes. Though the amount of protein that appeared in the soluble phase was greatly enhanced by components already known to be involved in the incorporation of amino acids into polypeptides, it has been possible to demonstrate that the release of protein from the ribosomal particle is a separate reaction, independent of polypeptide formation.
Some of the results presented below have been reported briefly elsewhere (Morris, 1963 Oyama & Eagle (1956) , with crystalline bovine serum albumin as standard protein.
Samples containing radioactive protein were prepared for analysis by precipitation with 5% (w/v) trichloroacetio acid; the precipitate was collected by centrifugation and washed by resuspension and resedimentation in 5% trichloroacetic acid. The resultant pellet was completely dissolved in 0-5 ml. of w-NaOH and reprecipitated with 5 % trichloroacetic acid. The pellet was suspended in 3 ml. of 5 % trichloroacetic acid and heated at 900 for 15 min., cooled and additional 5% trichloroacetic acid added. The protein precipitate was washed once more with 5% trichloroacetic acid, then with 6 ml. of acetone, then with 2 ml. of acetone plus 4 ml. of diethyl ether and finally with ether alone. (1962) , except that the layer of white cells was removed by aspiration after the washing and centrifugation of the cells. After sedimentation of the reticulocyte ribosomes by centrifugation at 78000g for 90 min., the ribosomal pellets were resuspended in a small volume of cold 0-25x-sucrose and added to the preincubation mixtures described below.
The purified supernatant enzyme fraction was prepared by the addition of powdered ammonium sulphate to the 78000g supernatant to yield the protein fraction that was precipitated between 40 and 70% saturation at 0°. This precipitate was dissolved in 0-Im-tris-HCl buffer, pH 7.5, containing GSH (1 mm) and reprecipitated by the addition ofammonium sulphate to 70 % saturation. The final protein precipitate, which was relatively free of haemoglobin, was dissolved in a small volume of a solution containing 0-02x-tris-HCl buffer, pH 7-5, containing EDTA (1 mm), MgCI, (1 mm) and GSH (1 mm), and dialysed overnight against 100 vol. of the same solution. The dialysed enzyme preparation was stored at -18°in the presence of 0-02m-GSH and was stable for 2-3 weeks. For those experiments concerned with the effects of transfer RNA in the cell-free systems, the 78000g supernatant solution was treated with protamine sulphate, to precipitate the RNA, before the ammonium sulphate fractionation procedure. The precipitate from the protamine sulphate treatment was collected and used to prepare reticulocyte transfer RNA (Allen & Schweet, 1962 (17-5 mx) and MgCI (2 mm). A 100-fold excess of unlabelled L-valine acid was then added to the "4G-labelled system and the ribosomes were isolated by centrifugation as described above. The ribosomal pellets were resuspended in a small volume of 0-25m-sucrose, centrifuged at 100OOg for 10 min. and the supernatant solution was stored at -180.
The parallel cell-free preincubation procedure thus yielded L4CC-labelled ribosomes and the corresponding unlabelled ribosomes that had been subjected to an identical procedure of preparation.
(b) For the whole-cell system. Intact washed reticulocytes were preincubated by a modification ofthe method of Borsook, Fischer & Keighley (1957) in a solution that contained 0-30ml. of packed cells/ml., ferrous ammonium sulphate (0-1 mm), tris-HCl buffer, pH 7-5 (0-01 mx), rabbit plasma (0-05 ml./ml.), NaCl (0-072m), KCI (2-9 mm), MgCl2 (4-1 mx), an amino acid mixture, from which leucine had been omitted (Borsook, Deasy, Haagen-Smit, Keighley & Lowy, 1952) (0-15ml./ml.) and ['4C] leucine (specific activity 6-0,uc/,umole) (0-025mM). In a separate container an identicalmixture wasprepared, except that unlabelled leucine was substituted for the "4C-labelled amino acid. Each reaction mixture was incubated for 5 min. at 370 and the reaction was stopped by the addition of a cold solution containing NaCl (0-13M), KCI (5 mm) and MgCl2 (7-5 mM) . The cells were washed twice more and the ribosomes were isolated by the usual procedure. Washed ribosomes were then prepared by resuspension and sedimentation (Allen & Schweet, 1962) . The washed ribosome pellets were resuspended in 0-25M-sucrose, centrifuged at 100Og for 10 min. and the supernatant solution was stored at -180.
Simultaneo8 assay of the release of protein from ribosom0al particles and the incorporation of amino acids into peptide linkage. Ribosomes labelled with '4C-labelled amino acids, from the preincubation procedures described above, were incubated in cell-free systems containing the corresponding unlabelled amino acid and other components as indicated.
After incubation at 37°, the reaction mixtures were chilled and transferred to 4 ml. cellulose centrifuge tubes with the aid of cold 0-25M-sucrose (final vol. 3-5 ml.). Ribosomes were reisolated by centrifugation at 105000g for 60 min. The supernatant fractions were removed by decantation and the '4C-labelled-protein contents of the supernatant fractions determined. The amount of 14C-labelled protein released from the ribosomal particle was calculated by subtracting the amount of 14C-labelled protein present in the supernatant fraction either of a complete assay system (see Table 2 ) kept at 00 or of an incubated sample from which the nucleoside triphosphates and ATP-generating system had been omitted. Both procedures yielded essentially the same basal value (approx. 10% of total radioactivity).
Amino acid incorporation into protein was determined by incubating unlabelled ribosomes, obtained from the parallel preincubation procedures described above, in cellfree systems containing the corresponding 14C-labelled amino acid and other components, as indicated. After incubation at 370, the reaction mixtures were chilled and trichloroacetic acid was added to precipitate total protein. The precipitates were then washed and plated and the total 14C-labelled protein was determined as described above.
Chromatography of haemoglobin. The 14C-labelled protein in the supernatant fraction obtained from a large-scale (15-fold) incubation of cell-free labelled ribosomes in the isolated release system (see the Results section) was pressure-dialysed for 2 days at 40 against 1 1. of 'no. 2 buffer' of Allen, Schroeder & Balog (1958) . Carrier rabbit haemoglobin was prepared from the 78000g supernatant of the cell lysate by ammonium sulphate fractionation between 70 and 90 % saturation at 00. After dialysis of the haemoglobin preparation against 1 mM-tris-HCl buffer, pH 7-5, a 40 mg. portion was combined with the labelled supernatant material from above (final vol. 2-60 ml.) and added to a column (25 cm. x 1 cm.) of Amberlite CG-50. Chromatography was conducted by a modification of the method of Allen et al. (1958) . After elution with 98 ml. of no. 2 buffer, the eluent was changed to no. 2 buffer of double the usual concentration and chromatography was continued until the carrier haemoglobin had been eluted from the column. The extinction of each 2 ml. fraction was determined at 260, 280 and 415 m,u by using the Unicam SP. 500 spectrophotometer with 1 cm. cuvettes. Haemoglobin was estimated by the method of Warburg & Christian (1942) . Bovine serum albumin was added to fractions from the non-haemoglobin regions of the column eluate to facilitate analysis for 14C-labelled protein.
Adjacent fractions throughout the haemoglobin peak were pooled to provide sufficient protein for convenient handling (3-6 mg.). The samples were then washed and analysed for total 14C-labelled protein as described above.
Chromatography of globin. The supernatant fraction obtained from a large-scale incubation of cell-free labelled ribosomes in the isolated protein-release system was incubated for 10 min. at 370 in the presence of 45,ug. of bovine ribonuclease/ml. The reaction mixture was chilled, combined with carrier haemoglobin (see the preceding section) and added dropwise to 30 vol. of cold ( -150) acetone oontaining HCl (0-06N). After 30 min. of gentle stirring the protein precipitate was collected by low-speed centrifugation at -10°, dissolved in 5 ml. of water and dialysed overnight (at 50) against 1 1. of pyridine-formate buffer [0-02M-pyridine (redistilled) and 0-2N-formic acid]. The dialysed sample was added to a CM-cellulose column (7 cm. x 2-5 cm.) that had been equilibrated with the same buffer. A linear gradient of from 0-02m-pyridine-0-2N-formic acid to 0-2M-pyridine-2N-formic acid in 200 ml. was applied at room temperature (200) and the a-and,8-chains of rabbit globin were eluted as described by Dintzis (1961) .
The extinction of each 3 ml. fraction was determined at 280 mu. The fractions were pooled as indicated and analysed for total 14C-labelled protein. 
RESULTS

Ribosomal 8tructure and the release of protein
The biosynthesis of haemoglobin by reticulocyte ribosomes has been shown to proceed by way of ribosomal-bound intermediates possessing the properties of polypeptides (Dintzis et al. 1958; Rabinovitz & Olson, 1959; Morris & Schweet, 1961) . In order to study the emergence of these precursors as soluble protein, it was necessary first to examine the stability of ribosomal particles during the incubation of cell-free ribosomes. The presence of metal-chelating agents (Chao, 1957) , high concentrations of nucleoside triphosphates (Sachs, 1957) and extremes of Mg2+ ion concentration (Hamilton & Petermann, 1959) , which are known to degrade ribosomal particles, all produce non-sedimnentable 14C-labelled protein by degradation of labelled reticulocyte ribosomes. Characterization of this non-specific release has been reported by Morris & Schweet (1961) .
Though the incubation conditions employed in the present work resulted in redistribution of the rapidly sedimenting particles into 78 s particles (Warner, Rich & Hall, 1962) , particle sub-units that sedimented more slowly than 78 s were present in only trace amounts and did not increase noticeably during 40 min. at 370 (Fig. 1) . Disinte-gration of labelled ribosomes during incubation does not therefore contribute appreciably to the appearance of 14C-labelled protein in the soluble fraction (see Hultin, Leon & Cerasi, 1961) .
Effects of ribonuclease on the incorporation of amino acids and the release of protei?ns Though ribosomal particles are relatively resistant to the degradative action of bovine ribonuclease (Tissieres & Watson, 1958) , the ability of cell-free systems to incorporate amino acids into protein is extremely sensitive to low concentrations of ribonuclease (Arnstein, 1961 ). An analysis of the effects of this enzyme on the incorporation of amino acids and the release of proteins (Fig. 2) revealed marked differences. In systems devoid of added transfer RNA, those concentrations of ribonuclease that depressed the incorporation of amino acids by 80 % had little or no effect on the energy-dependent release of proteins. Thus the incorporation of amino acids and the release of proteins are not rigidly linked processes but, rather, two processes that can proceed simultaneously at different rates.
Effects offactors required for the incorporation of amino acids on the release of proteins Table 1 reports the results of omission of transfer RNA or the amino acid mixture from the complete cell-free system. Though both assay systems respond to transfer RNA or amino acid mixture, the effects are somewhat more pronounced in the amino acid-incorporation assay. Allen & Schweet (1960) have presented evidence in support of the concept that amino acyl-transfer RNA is an obligatory intermediate in the incorporation of amino acids in the reticulocyte system. The influence of the amino acid mixture on the release of proteins therefore must be mediated through several sequences of reactions, i.e. reactions (1), (2) and (3). Thus the response of the protein-release Fig. 1 . Stability of ribosomal particles during incubation. Cell-free ribosomes (5 mg.) were incubated in the complete system (see Table 2 ) for 40 min. at 37°. The reaction mixture was chilled and transferred to a 1-2 cm. cell.
A duplicate assay that had remained at 00 was placed in a 1-2 cm. prismatic cell (top). The photograph was taken approx. 15 min. after attaining 42040 rev./min. in the Spinco model E analytical ultracentrifuge (at 80). Sedimentation was from right to left. 2-0i&/phmole). The reaction mixtures were then incubated as indicated for the complete assay system (see Table 2 ), except that transfer RNA was omitted from all assay systems. Incorporation, in the absenoe ofribonuclease, was 813 counts/min. Labelled whole-cell ribosomes contained 2115 counts/min. of "4C-labelled protein. The optimum concentration of K+ ions was similar for both the incorporation of amino acids and the release of proteins, although the amino acid-incorporation process was more greatly depressed by extremes of K+ ion concentration (Fig. 3) . Studies of the effects of Mg2+ ion concentrations have not been attempted owing to the critical role of that ion in the maintenance of ribosomal structure (Hamilton & Petermann, 1959) .
Further studies of the effects of the cell-free system components are presented in Table 2 . Incubation of labelled ribosomes in the complete system (for 20 min. at 370) resulted in the release of approx. 60 % of the bound radioactivity as soluble protein. Continued incubation did not lead to additional incorporation of amino acids or release of proteins. Neither incorporation of amino acids nor release of proteins occurred when the ATPgenerating system and nucleoside triphosphates were omitted from the reaction mixtures. Omission of GSH led to a decrease of activity in both assay systems, suggesting that thiol-enzymes may be involved ubiquitously in both the incorporation of amino acids and the release of proteins.
Significant differences in the two assay systems were noted when soluble enzymes and nucleoside triphosphate requirements were examined. Omission of the purified supernatant enzyme fraction from the reaction mixtures decreased the incorporation of amino acids to 8 % of the control value, but the release of proteins still proceeded at 28 % of the maximal rate. In the presence of the supernatant enzyme fraction, 1 mM-ATP supported the incorporation of amino acids and the release of proteins to about the same extent. On the other hand, 1 mM-GTP enabled the release of proteins to proceed at 26 % of the control rate when the incorporation of amino acids was only 5 % of the maximal rate. Further differentiation of the incorporation of amino acids from the release of proteins was achieved in the presence of GTP by omitting the addition of supernatant enzymes.
Thus the release of proteins proceeded at 30 % of the maximal rate when incubated in the presence of only GTP, GSH, salts, buffer and those enzymic oomponents that sedimented with the ribosomal particles. No significant incorporation of amino acids could be detected under these conditions.
The release of proteins in this isolated system did not depend on ATP, soluble enzymes, amino acid mixture or transfer RNA. By employing experimental conditions in which the incorporation of amino acids did not occur, it has thus been possible to study the release of protein from ribosomes as an isolated reaction, free from the influences of the polypeptide-forming processes. Characteristics of the isolated protein-release reaction Total 14C-labelled-protein content in the proteinrelease assay system. Though the labelled ribosomes employed for the protein-release studies had been isolated by sedimentation from very dilute solutions (see the Methods section) the possibility remained that some amino acyl-transfer RNA had sedimented with the ribosomal particles. Reincubation of such ribosomes might permit incorporation to proceed from the bound amino acids, if not from free amino acids. However, the results in Table 3 indicate that no increase in total radioactive protein occurred during incubation under the conditions employed for the study of the isolated protein-release reaction. Hence incorporation from amino acyl-transfer RNA was not a significant factor in the present work. This conclusion is supported by the relative insensitivity of the release of proteins to low concentrations of ribonuclease (Fig. 2) . Rapid loss of biological activity of transfer RNA on incubation with concentrations of bovine ribonuclease similar to those reported in the present paper has been shown by Nishimura & Novelli (1963) .
Nucleoside triphosphate specificity of the release of proteins. As mentioned above, 1 mx-GTP was more effective for the release of proteins than was 1 mm-ATP. After 40 min. incubation at 370, protein was precipitated with 5 % trichloroacetic acid and analysed for 14C-labelled protein (see the Methods section). The isolated proteinrelease assay system contained GSH (20 mm), tris-HCl buffer, pH 7-5 (50 mx), KCl (50 mM), MgCl2 (4 mm), ribonucleoprotein (3-0 mg.) from the cell-free preincubation procedures (see the Methods section) and GTP as indicated, in a final volume of 1-0 ml. cant incorporation of amino acids occurred with any one of those substances tested. Some general properties of the i8olated proteinrelease reaction. Results of studies undertaken to determine the stability of the ribosomal preparations and other general properties of the proteinrelease reaction are reported in Tables 5 and 6 . The dependence ofthe release ofproteins on the presence of GSH was apparent in the isolated proteinrelease reaction and tended to substantiate the similar observation reported in Table 2 . Activity in the protein-release assay was found to be diminished significantly by storage of the ribosomal suspensions at 40 for 24 hr. or by repeated freezing and thawing. Prolonged storage of the ribosomes at -18°is accompanied by a decline in activity. Though the loss of activity varied considerably with different ribosomal preparations, -180 for 1 month usually resulted in the loss of about onehalf of the protein-release activity.
The addition of spermine to the reticulocyte system was reported by Morris & Schweet (1961) to inhibit completely the appearance of 14C-labelled Table 6 . Effects of 8toring ribosomes on the release of proteins
Ribosomes, from the cell-free preincubation procedure, containing 4060 counts/min. of 14C-labelled protein, were treated as indicated and incubated in the isolated proteinrelease assay system (see Table 3 ). The assay systems were then centrifuged in the presence of 10 mx-MgCl. Radio soluble protein, as well as to inhibit the incorporation of amino acids in the reticulocyte system. The isolated protein-release assay system showed a similar effect with the addition of spermine, resulting in even less 14C-labelled soluble protein than was found when GTP was omitted from the assay. Aggregation of ribosomal particles by spermine has been reported by Siekevitz & Palade (1962) . The low value reported in the present paper is probably due to more complete removal of ribosomal particles during centrifugation. The presence of 10 mm-magnesiuim chloride during centrifugation, which also produces ribosomal aggregation (Hamilton & Petermann, 1959) , has proved useful by decreasing 14C-labelled-protein values as a result of incomplete sedimentation of ribosomes. The appearance of 14C-labelled protein in the supernatant proceeded almost linearly for 40 mi. in the presence of GTP (Fig. 4) . After that time a slow continued increase was observed that was similar in rate to that found when GTP had been omitted. Prolonged incubation is thought to result in a limited amount of ribosomal breakdown. For those incubation periods employed in the present studies (20 and 40 min.) ribosomal breakdown was not a significant factor.
The amount of 14C-labelled protein released by the addition of GTP was 26 % of the total 14C( labelled protein present in the assay. Ribosomes that had been labelled in the intaot reticulocyte gave a similar release.
Quantitsve acwpect8 of ths guanoine tripho&phate requirement in the releawe ofproteimn. Incubation for 40 min. at 370 with as little as 1-5pM-GTP resulted in a measurable release of proteins, and release was one-half maximal with 12 xm-GTP (Fig. 5) . The reaction became saturated in the presence of 0-1 mm-GTP. In contrast, the ATP concentration that gives maximal incorporation of amino acids in the complete cell-free system has been reported to be 1-2 mm in the presence of an ATP-generating system, and even greater concentrations are required if-the ATP-generating system is omitted (Allen & Schweet, 1962 By chromatography on a CM-cellulose column radioactive protein was found to be distributed throughout the ac-and p-chain peaks, indicating the presence of globin chains that were complete with respect to polypeptide structure (Figs. 6a and 6 b) . The displacement of the a-chain radioactivity towards the front of the carrier a-chain peak, seen in Fig. 6 (b) , has been noted by other workers. Though the displacement is not well understood, it is known to be associated with the chromato- graphy of cell-free synthesized a-chains of globin in the chromatographic system employed (Ehrenstein, Weisblum & Benzer, 1963) .
DISCUSSION
The ability of the protein-release reaction to proceed under conditions that did not support peptide-bond formation has demonstrated that the two processes are not rigidly linked to one another. This finding suggests that after completion of the polypeptide sequence finished globin chains remain bound to the ribosomal particles until removal by the protein-release reaction.
The effect of the amino acid-incorporating system in stimulating the release of 14C-labelled protein probably involves completion of polypeptide structure by the addition of a full complement of aniino acids to the 14C-labelled partial peptide chains on the ribosome (Morris, Arlinghaus, Favelukes & Schweet, 1963) . These protein mole-cules then could act as substrates for the proteinrelease reaction. Thus, when incubated in the complete cell-free system, approx. 60 % of the ribosomal-bound 14C-labelled protein appeared in the supernatant phase by a combination of completion of protein chains and release of protein molecules from the ribosomes. With those experimental conditions used for the study of the isolated protein-release reaction, where the completion process was inoperative, 26 % of the ribosomalbound radioactivity was transferred to the supernatant fraction.
Reticulocyte ribosomes, incubated in the presence of the valine analogue cx-amino-,-chlorobutyric acid, have been reported to be blocked in the release of newly synthesized polypeptides (Rabinovitz & Fischer, 1962) . Such ribosomal preparations, however, did participate in the incorporation of radioactive iron into soluble haemoglobin. The existence of 'preformed protein precursors' bound to the ribosomal particles was proposed to explain these observations (Rabinovitz & McGrath, 1959) .
Several reports have appeared describing the existence of firmly bound enzymic activity on ribosomes from micro-organisms. Kinetic and other studies in these systems have indicated that the bound protein was the precursor of the soluble enzyme (Kihara, Hu & Halvorson, 1961;  Cowie, Spiegelman, Roberts & Duerksen, 1961 ; Duerksen & O'Connor, 1963) .
Studies with the isolated protein-release system have not, as yet, permitted the construction of an assay system that would allow the isolation of the enzymic component of the protein-release reaction. Such an assay system would require an initial removal of the enzyme from the ribosome while retaining the bound preformed proteins on the ribosome. The assay system must also distinguish between the effects of an increased amount of substrate due to the completion of protein chains and the protein-release reaction itself. However, the properties of the protein-release reaction do resemble sufficiently the characteristics of an enzyme-catalysed process to suggest strongly the intervention of an enzyme. In particular, the appearance of soluble protein is strongly dependent on the presence of a thiol (GSH) and specifically requires GTP. The conditions and time of storage of the ribosomalpreparations influence the observed protein-releasing activity of the system. One may speculate that the close association of the enzymic factor with the ribosomal particles is of functional significance.
Though the interrelationships of the incorporation of amino acids and the release of proteins caused considerable difficulty in the interpretation of results during the initial stages of the present work, the influence that the factors required for the incorporation of amino acids exert on the release of proteins gives a clear demonstration of the integrated nature of the biosynthetic pathway of protein formation. Specifically, it has led this author to regard with reservation the assignment of a specific function to a reactant in a cell-free system where it has not been possible td isolate the reaction under investigation (usually by radioactivity transfers) from the effects of other (unlabelled) processes that may actually be determining the fate of the experiment.
GTP may be another example of a substance that influences the rate of reactions in which it is not directly involved. The locus of action of GTP was originally assigned to the transfer of amino acids from transfer RNA to ribosomes (see Simldn, 1959) , and more recently has been reassigned to the process of polymerization of amino acids into peptide linkage (Noll, Staehelin & Wettstein, 1963) . The present study indicates that one point of action of GTP is the release of protein from ribosomes, as demonstrated in a cell-free system where neither the transfer nor the polymerization reactions occurred. Though it is conceivable that GTP may have more than one point of action, remote effects on the amino acid-incorporation process could produce an apparent requirement for GTP at several sites in the biosynthetic pathway.
Although the exact function of GTP in the release of proteins remains a point for further investigation, it is suggested that GTP participates directly, either as a cofactor or an energy source, in the reaction that frees the finished protein chain from its attachment to the ribosome. SUMMARY 1. The release of 14C-labelled protein from previously 14C-labelled reticulocyte ribosomes, and the incorporation of 14C-labelled amino acids into unlabelled ribosomes prepared in a parallel manner, have been determined in order to assess the influence of the incorporation of amino acids on the release of proteins in a cell-free system.
2. The protein-release process has been found to consist of two distinct steps, each possessing different requirements. The first step consists of those processes involved in the completion of protein chains before release from the ribosome. The second step, the release of protein from the ribosome, has been shown to proceed independently of the completion process.
3. An absolute requirement for the presence of GTP has been demonstrated in the protein-release reaction.
the o-and ,-globin chains of haemoglobin which are not yet in the form of the finished haemoglobin molecule.
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International Centre for General Biochemietry and Chemical Microbiology, I8tituto Superiore di Sanitd, Rome, Itay (Received 23 December 1963) In a previous investigation carried out in this Laboratory (Beloff-Chain et al. 1953 ) it was found that isolated rat diaphragm synthesized glycogen from glucose and from glucose 1 -phosphate to about the same extent when the substrate concentration, calculated as glucose, was 2 %. There was little or no glycogen synthesis from glucose 6-phosphate at this concentration. Further, it was shown that insulin had no stimulatory effect on glycogen synthesis from glucose 1-phosphate as it had from glucose.
